Introduction
With the increase in the number of immunocompromised patients, the incidence of invasive fungal infections has been increasing for the past two decades. Candida and Aspergillus species are the most common causes of invasive fungal infections (IFI), but there are many emerging fungal infections such as Trichosoporon, Fusarium, Penicillium, Scedosporium , Bipolaris, and Pseudallescheria spp. [1 Á 6] . Despite the development of new potential antifungal agents, the morbidity and mortality of IFI remain high. An important contributing factor to high morbidity and mortality is the lack of an early and accurate diagnostic test. Early diagnosis and early treatment of IFI significantly decreases morbidity and mortality [7] . Histology or culture based diagnostic tests are still the 'gold standards', but non-culture-based diagnostic modalities are under investigation. (1 0/3)-b-D-glucan (BG) is a component of the cell wall of a wide variety of fungi. Isolates having BG in their cell wall structure can be detected by an assay based on the ability of this molecule to activate Factor G of the horseshoe crab coagulation cascade [8 Á 10] . Serum BG testing is a promising serologic test with its high sensitivity and specificity. In an our clinical study with the Glucatell assay in neutropenic leukemia patients, the test detected IFI caused by Candida, Aspergillus, Fusarium and Trichosporon species as early as a median of ten days before the clinical diagnosis [11] . Also from the previous in vivo or in vitro studies with other beta glucan kits, it is known that different fungal species produce a wide range of BG values [10,12 Á 17] . Most notably, some fungal species, like zygomycetes and Cryptococcus spp., usually produce low test results probably due to their low cell wall BG content [14, 18] . We performed an in vitro study to evaluate the range of clinical fungal isolates capable of producing detectable BG, and their levels of production with Glucatell TM assay.
Materials and methods
Broth media culture supernatants of 127 clinical fungal isolates (85 moulds and 42 yeasts) were tested; Candida spp. (C. albicans 5, C. krusei 4, C. glabrata 5, C. lusitaniae 4, C. tropicalis 3, C. dubliniensis 3, C. parapsilosis Isolates were subcultured at least twice to provide enough purity and viability. Mould isolates were allowed to grow on potato dextrose agar slants for a period of 7 days at 358C while yeast isolates were grown in Sabouraud dextrose agar at 358C for a period of 1 Á2 days.
Mould slants were covered with 1 ml of sterile 0.85% saline and scraped gently to harvest conidia. The turbidity of conidial spore suspensions was measured at 530 nm and adjusted to 80 Á 82% transmittence for most of the isolates except P. boydii and isolates belong to zygomycetes family which were adjusted to 68Á70% transmittance. Final solutions were diluted in distilled water 1:50 (P. boydii suspension was diluted 1:25) to obtain final (2 )/) suspension of 0.4 )/10 4 cfu/ml. Inoculum of each yeast isolate was prepared by picking five colonies of 1 mm diameter from 24 h old Candida species or 48 h old Cryptococcus species. The colonies were suspended in 5 ml of sterile 0.145-mol/l saline and density of each suspension was adjusted to 0.5 Mcfarland standard at 530 nm wavelength by spectrophotometer. Each suspension was then further diluted 1:100 and followed by 1:20 with sterile water to yield a final solution containing (2 )/) 5.0)/10 2 to 2.5 )/10 3 cells/ml. One millilitre of yeast or conidia was suspended in a 1 ml (2 ) Twenty-five microlitre samples of pachyman at 50, 25, 12.5, and 6.25 pg/ml were used for the standard curve. Twenty-five microlitre samples of LRW were used as reagent blanks. After thawing the supernatant specimens in room temperature, 5 ml of specimens to be tested were diluted 1:5 by the addition of 20 ml pre-treatment reagent (a 1:1 mixture of sample extraction reagents A and B that inactivates interfering serum substances and alters the conformation of the (1 0/3)-b-D-glucan to the single helix form. The resulting mixture was incubated at 378C for at least 10 min prior to further testing. For the Glucatell assay, Glucatell † was reconstituted with 2.8 ml of LRW followed by 2.8 ml of Pyrosol Reconstitution Buffer (0.2 M Tris HCl, pH 7.4) and 50 ml of this mixture were added to each sample, standard, or blank well. Using a THERMOmax plate reader at 378C, the mAbs/min at 405 nm less a background reading at 490 nm was recorded for 40 min using the instrument's kinetic reading mode and SOFTmax PRO (v 3.1, Molecular Devices Corporation) software for instrument control, data acquisition and processing. All samples were tested in triplicate. The glucan concentration was determined from the mean of the three readings, as interpolated from the kinetic standard curve.
Results
All yeast isolates produced enough visible growth at 48 h and mould isolates had a growth range of 48Á96 h depending on the species, except Madurella mycetomatis which had visible growth around 120 h. The ranges of BG contents and mean values are summarized in Tables 1 and 2 . Also by accepting the reactivity levels of Candida and Aspergillus species as 100%, reactivity of other fungal isolates were determined by calculating the ratio of mean BG content of each yeast or mould isolate to mean BG values of Candida or Aspergillus species respectively. A wide range of BG levels were seen within the different fungal species (Table 3) . Among the Candida species, three of the four C. lusitaniae isolates released a lower amount of BG (414 Á 753 pg/ml) when compared to other Candida species, one C. lusitaniae isolate released 3022 pg/ml of BG. Other Candida species had BG values within the same ranges. Among the other yeast isolates; S. cerevisiae, T. asahii and R. rubra released BG levels comparable to Candida spp. Cryptococcus isolates produced generally lower levels of BG (153 Á 265 pg/ ml) when compared to other yeasts.
All Aspergillus species produced comparable BG levels. Bipolaris spicifera isolates had the highest BG levels while Sporothrix schenckii, Wangiella dermatitidis and Penicillum marneffei isolates showed higher BG concentrations than the Aspergillus isolates. Paecilomyces spp, S. brevicaulis, Fusarium spp, B. ranarum and P. verrucosa isolates released comparable levels of BG to Aspergillus spp. Among the Fusarium isolates, four F. solani isolates released larger concentrations of BG compared to the two F. oysporum isolates (mean BG of 1575 vs 1096 pg/ml respectively). Rhizopus spp., Mucor spp., Rhizomucor spp., P. boydii , Scedosporium spp., Absidia corymbifera and Cunninghamella spp. showed very low reactivity compared to other mould isolates. A. corymbifera had the lowest BG concentrations among all isolates. Two Acremonium spp. released 625 and 629 pg/ml of BG to the media and one Acremonium alabamensis released 1402 pg/ml.
Discussion
The utility of the BG assays has been evaluated in a number of laboratory and clinical studies in the past decade. The Fungitec G test (formerly known as G test) utilizes the amebocyte enzymes from Tachypleus tridentatus, whereas the Glucatell (now Fungitell) assay uses enzymes from Limulus polyphemus amebocytes [19] . In previous studies both tests effectively detected IFI caused by Candida, Aspergillus, Fusarium and Trichosporon species [11, 12, 15] . Furthermore, in a number of studies with G test, Saccharomyces cerevisiae, Pneumocystis jiroveci , Rhodotorula rubra and Acremonium spp. were shown to react with BG test [10, 15, 20] . Cryptococcus species and zygomycetes have been historically found to have low reactivity with the BG test, presumably because of their low cell wall BG concentrations [10, 14, 18, 21] . In our study, all yeast isolates showed similar reactivity compared to previous studies. Cryptococcus spp. produced the lowest level of BG while Candida species had consistently higher levels. Among the Candida species, it appears that C. lusitaniae isolates may produce lower concentrations of BG compared to other Candida species. Blastoschizomyces capitatus, Saccharomyces cerevisiae, Rhodotorula rubra and Trichosporon asahii isolates released comparable BG levels to Candida species. A single Hansenula anumala isolate was found to have a comparatively lower BG level.
Aspergillus spp. isolates had high reactivity with the BG test. All four different Aspergillus species produced comparable BG levels to each other. However, isolates of Bipolaris spicifera, Sporothrix schenckii , Wangiella dermatitidis and Penicillium marneffei released much higher concentrations than the Aspergillus isolates. Paecilomyces spp., Scopulariopsis brevicaulis, Fusarium spp., Basidiobolus ranarum , and Phialophora verrucosa isolates also released BG to the culture media in levels comparable to Aspergillus isolates. As a member of the zygomycetes, Absidia corymbifera had the lowest BG levels. The other zygomycetes (Mucor sp., Rhizopus arrhizus, Rhizomucor pusillus, and Cunninghamella bertholletiae ) also released lower concentrations of BG. Interestingly, Scedosporium spp. and Pseudallescheria boydii (the sexual form of S. apiospermum ), produced low BG levels.
Our results are similar to the experiences found in previous clinical trials and in vitro studies of BG reactivity and content, however we describe BG levels in a wide range of isolates whose reactivity with the BG assay was previously unknown. One of the limitations of this preliminary study is the small number of some of the yeast and mould species. However, we felt it was important to present these data since it comprises new information, particularly for the more rare or infrequent organisms. Another limitation of our study is the absence of biomass-normalized data. We need further in vivo or clinical studies to put these in vitro findings in the appropriate context and explore the reason for the differences in BG levels. As a conclusion: culture supernatants of fungi appear to have species-specific BG levels. This may represent the BG content of the organism, and may in turn explain the variations found in clinical testing.
